Abstract
The aim of the study was to determine the effect of application of small amounts of nitrogen to the soil together with foliar application of micronutrients on the content of copper, manganese and zinc in the grain of spelt (Triticum aestivum ssp. spelta L.). The study was based on a two-factor field experiment conducted in 2009-2011 on very good rye complex soil. Nitrogen was applied in the form of ammonium nitrate (34% N), and manganese and copper were applied to the leaves in the form of the fertilisers Adob Mn (1.5 l•ha −1 ) and Adob Cu (1.0 l•ha −1 ), respectively. The results indicated that the nitrogen fertilisation, the foliar application of micronutrients and the interaction of these factors significantly determined the contents of copper, manganese and zinc in the grain. The highest content of Cu and Mn in the material was obtained following the application of 50 kg N·ha −1 , and an increase in nitrogen application (to 50 kg·ha −1 ) caused a decrease in the content of zinc in the grain. Foliar application of Cu, Mn and both elements together resulted in significant changes in the concentrations of Cu, Mn and Zn in the plant material as compared to treatment without the application of micronutrients. The mineral fertilisers at the rates applied had a beneficial effect on the chemical composition of the grain, and thus on its quality, and this was achieved with substantially lower consumption of agrochemicals than that in the case of agrotechnical procedures for traditional cereals. It can, therefore, be concluded that this practice is environment friendly and can significantly reduce the negative impact of agricultural activity.
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tomasz knapowski et al. Ruibal-Mendieta et al. 2005 , Abdel-Aal 2008 , Kohajdová, Karavičová 2008 , Konvalina et al. 2008 , Zieliński et al. 2008 , Biel et al. 2010 , Korczyk-Szabó, Lacko-Bartošová 2013 , Knapowski et al. 2015 . Spelt is distinguished not only by higher nutrient content but also by lower habitat requirements and smaller expenditures on farm inputs when as compared to common wheat [Sulewska et al. 2008 , Knapowski et al. 2016a . Cultivation of this species is thus environment friendly, as besides the limited use of mineral fertilisers, especially those containing nitrogen, which can increase the content of harmful nitrates in plant products and degrade the soil environment, leading to eutrophication of water, it also does not require the use of pesticides. Spelt also contributes to the diversification of the agricultural landscape dominated by traditional cereals. The demand for the grain of this cereal has created the necessity for multi-faceted research on factors influencing its quality characteristics, especially because the high quality of a spelt product is only guaranteed by the use of suitable raw material for production. A requisite for obtaining specific values for individual parameters is the ability to select a cultivation technology suited to the given soil and climate conditions and to a specific cultivar. Recommendations for spelt cultivation lack conclusive information on its response to agrotechnical procedures, including fertilisation [Wojtkowiak, Stępień 2015 . Whilst this cereal has low requirements for nitrogen application but considerable sensitivity to deficiencies of this element, the data describing the response of spelt grown in Poland to nitrogen fertiliser are regarded as inadequate. Furthermore, the beneficial effect of fertilisation of cereals with micronutrients, particularly in conjunction with nitrogen application, has been receiving increasing attention [Sulewska et al. 2008 , Kaniuczak et al. 2009 , Warechowska 2009ab, Shi et al. 2010 , Wojtkowiak, Stępień 2015 , Knapowski et al. 2016b ]. In the case of application of micronutrients for the cultivation of spelt, there is lack of specific data regarding the advisability of their use and the conditions in which the procedure should be carried out. Thus the determination of fertilisation requirements will not only verify the recommendations regarding the application rates of individual nutrients but also show their interactions.
2002,

MAtErIAL And MEtHodS
The study was based on a two-factor field experiment carried Tukey's test to assess the significance of differences.
rESuLtS And dIScuSSIon
The copper content in the spelt grain was significantly determined by fertilisation with nitrogen and micronutrients. The concentration of this nutrient was also determined by the interaction of the factors (Table 1) In the present study, the mean content of zinc in the spelt grain was 26.33 mg·kg −1 (Table 2) , which was 23.1% lower than that . Zinc content in cereal grain depends on numerous factors, including mineral fertilisation.
In the present study, as in a study by Knapowski et al. [2015] , it was significantly dependent on the factors tested, that is, nitrogen fertilisation, foliar application of micronutrients and their interaction (Table 2) The mean content of manganese in the spelt grain was 50.13 mg·kg −1 (Table 3) , which was higher than the concentrations 
concLuSIonS
Cultivation of primitive cereals, which include spelt, is an environment-friendly practice because it places a minor burden on the natural environment, particularly the soil. The soil environment provides the opportunity for agricultural production to meet the demands for food, animal feed, energy and raw materials for energy and industry. The present study showed that the mineral composition of the spelt grain was significantly determined by the varied levels of nitrogen application, foliar application of micronutrients and the interaction of these factors. A statistically confirmed increase in the copper and manganese content in the grain of the winter cereal as compared to the control was observed following the application of both 25 and 50 kg N•ha −1 .
The highest concentrations of these nutrients were also observed following foliar application of manganese and copper together and copper alone, irrespective of nitrogen fertilisation. Increasing 
